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CHAPTZR I: INTRODUCTION

Wind generated or short period waves continually arrive at the coast.
The approaching waves become unstable at a certain depth and the tops of their
crests spill down or plunge over their forward faces. The wave height
decreases as the wave energy 1s converted into turbulent edcies in the surf
zone, If waves break at an angle to the shore, they induce a longshcre
carrent in the surf zone. The current acts somewhat analogous to a river,
transperting sediment mobilized by the breaking waves., Coastal engineers have
iong worked to correlate sediment movement and current velocities to predict
sediment transport, shoreline evolution, and pollutant transport. This
requires accurate estimation procedures, or models, of the longshore
current. This report presents an analytical longshore current model for
engineering use. The model employs an expression developed in this report to
describe the nonlinearity of the wave height decay, and it also includes the
effect of wave setup, finite incident wave angles, and lateral mixing. The
advantages of an analytical model over a numerical model are the ease of
discerning the functional dependencies of the physical parameters and the ease
of applying the model.

waves transfer momentum from offshore to the nearshore. In the
nearsnore, the waves break when they reach a depth comparable to their heighs,
and the wave energy is dissipated in the surf zone. Waves breaking at an
angle to the shoreline induce a current parallel to the shoreline due %o
shanges in the longshore component of momentum. The balance of momentum (s
conserved in the surf zone by the external forces of bottom and surface shear
stresses. The change in the onshore component of momentum also causes 23
change in the mean water level in the surf zone, known as wave setup.
Momentum is also diffused or transported by turbulent eddies.

Water motion in the surf zone {3 extremely complex., The flow is
Jnsteady and three-dimensional, with dynamic upper and lower boundaries. N
alequate theoretical description of water motion in the surf zone presently

exi3ts. Therefore, to predict longshore currents it is necessary to simplily
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the problem by considering an idealized environment and to include a certain A,

amount of empiricism. Applylng various degrees of simplification,

many
: ; Ly M g
investigators have calculated longshore currents analytically and numerically h.

using empirical correlations, continuity of water mass, energy flux, and e

momentum flux. ~

In 1967 Galvin reviewed the state of the art of longshore current pre-

iction. He concluded that the best approach at the time was the prediction
of lLongshore current velocity through empirical correlation of data, but he
cautioned that the available data were not reliable, Much progress nas been
made (n the prediction of longshore currents since the reviaw b5y Galvin. Tre
progress mainly is due to the introduction of the concept of radiation stress
oy Longuet-Higgins and Stewart (1962, 1963, 1964). Radlation stress is used
to calculate the flux of momentum parallel to the shoreline due to incident
4ives. Bowen (1969), Longuet-Higgins (1970a, 1970b), and Thornton (1971) were
the first to apply radiation stress concepts in the equations of motion to
predict longshore currents. '

In the radiation stress approach it is necessary to specify the wave
height through the surf zone a priori, but the mechanisms tnhat determine the
#ave height in the surf zone {(wave hreaking, wave deformation, and energy
iissipa%ion. are not well understood. No quantitative, first-principle
theoretical mocel of wave height decay exists; therefore an empirical apprcaczn
is taken in longshore current modeling. The standard assumption {3 maze -nit,

"

in the surf zone (after initial wave breaking), the wave nheizht, H i3

1, 13

described as a linear function of water depth, h

3 o
, in the form

H = Yn

AL 0
N

where Y s a constant of proportionality. This {3 known as the spilling

~
hreaker assumption because {t holds fairly well for waves classifiec as . :1
srilling breakers., However, several investigators show that this I8 nzt vall: i*:gaﬁ'
in general (Horixawa and Xuo 1367; Nakamura, Shirashi, and Sasaxi '377; 3Stre=t zg:;\i:
and Camfield 1967; Divoky, Le Mehaute, and Lin 1370; Dally, Dean, anz :}_}_::ﬁ},
Calrymplie, 1985a, 19855}, and (% i{s especially inappropriate for mild zcti:om t?:f:{:
s.-pes, -n Wwhich waves -tend to break by plunging. - gﬂ
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Investigators following Bowen, Longuet-Higgins, and Thornton built an

the radiation stress approach by eliminating some of the simplifying
assumptions and maxking more general models. But, all have retained the
spilling breaker assumption despite its proven invalidity.

This investigation examines the effects of using nonlinear wave heignt
ay, namely a power law decay, on the prediction of the longshore currents

distrisution, The power law wave height decay is of the form

n

Ho= Hy (n/7p) S

where the subscript b indicates breaking conditions, and the exponent n , to

e determined empirically, is assumed to be dependent on the beach slope and
the breaking wave conditions., It will be shown in this report that a closed-
form solution for the longshore current distribution can stiil be derived if
Zquation 1-2 is employed instead of Equation 1-1%.

The main body of this report begins with a review of previous longshore
current models. Special attention is paid to the Longuet-Higgins model
because it has served as the basis for most models that followed., Next, the
“ave neight decay portion of this study ls presented. Seven independent
sets are empirically fit to the wave height decay power law, and the exponent
of the power law i3 parameterized. Then, an analytical longshore current
model is derived from the equations of motion based on the radiation stress
approach. The effects of large angles of wave incidence and of Lateral mixin
are included in the model. The current model gives the longshore current

14

function of distance offshore, incident wave conditions, beach slope, fr

~

coefficient, and a parameter, P , expressing the relative importance of
ateral mixing and bottom friction as introduced by Longuet-Higgins ['3713°

B> JEEVEO VN

Review of Previous Models

The radiation stress approach to modeling longshore currents was

developed independently by Bowen (1369), Longuet-Higgins (197Ca, '37Cc., ant

Thornton 1!'971). Although the three models are similar, there are diff2erencss

e

in the assumptions made in the bottom shear stress and ilateral mixing terms.
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: The former two authors developed analytical soiutions for a plane beach; tre Yo
~ latter developed a numerical solution for arbitrary profiles of straight, r~:¢
P
! parallel contours, using a more realistic bottom friction stress. The f:;;;
+, . . . Y
;, Longuet-Higgins mogel is the easiest and most straightforward to use (the ﬁﬂﬁ*ﬁ
. . I3 K] ‘(
; solution of Bowen is {n terms of Bessel functions and the model of Thornton e
&)
i requires a numerical solution), and appears to give very acceptable results ~
. f2r a plane beach. The Longuet-Higgins mocel, therefore, has been usel as tre )
g; basis fcr more recent longsnore current models, A review of the Longue‘-
;;: Higgins model is given, foilowed by overviews of other momentum-based
-

nodels. 3asco ['982) presen%ts an thorough review of surf zone current

iterature with an annotated biblingraphy (3asco and Coleman 1382). Table "-~°

b

gives an intercomparison of selected models of the longshore current
distribution across the surf zone.
Longuet-Higgins, Longuet-Higgins (1970a, 1970b) derives an analytical

model for the steady longshore current from the governing equations of water

motion., He makes the assumptions given in Table 1-2; in addition he assumes
linear wave height decay given by Equation 1-1, The equation of motion for
“he longshore direction for this idealized case reduces to a balance between
the local wave stress, the stress due to horizontal turbulent eddies, and the
“ime-averaged bottom friction stress. The local wave stress is the driving

f the currents, and it is the net stress in the longshore direction

M
x
[{]
"3
as
@
a o

5y the waves on the water in the surf zone. This stress is calzulata<
from the radiation stress, The bottom shear stress is linearized by assuming
tne incident wave angle i3 small and the steady current 13 weak comparel witn
the wave orbital velocities. These assumptions reduce the bottom shear s5trass
to the product of the orbital velocity and the longshore current speed. The
ateral mixing stress is a function of the horizontal eddy coefficient.
Longuet-Higgins assumes the horizontal eddy coefficient is progortional =2 <ne

offshore distance multiplied by a typical velocity, the shaliow-water wave

Lerity, The distances (measured from the mean shoreline) are
non<iimensionalized by the distance from the mean shoreline to the breaker

.

Line. The longshore current velocity is nondimensionalized by tre velilsclty

.
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Table 1-2

Longshore Current Model Assumptions

WAVE FIZLD

Monochromatic waves
~inear, shallow-water wave theory
Steady state wave field

Plane, sloping beach
Impermeadble beach .
dydrostatic pressure distribution

é-
2
)

]

BRI
244

s @

-

L 4

bt Ay
X0

FLUID .

=

Incompressible, homogeneous fluid

o
7oy o
A
CURRENT ,\,?,:
Pt o e
PIAA
RO
Zurrent constant through depth and time °
Zurrent homogeneous in the iongshore direction B
~ . . . -l
Current weak relative to the wave orbital velocity ot
N
DAl Sl
\.".;H.:‘
NESLECTED STRESSES :;:z\

LA
No wind stress At
No atmospheric pressure gradient NS

No wave-current interaction
No Coriolis force
No tide
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at the breaker line when the effect of lateral mixing is omitted. The stress
balance is described by a second-order differential equation with a closed-
form solution. The solution i3 a function of the relative effects of iLatera.
mixing and bottom friction. Longuet-Higgins does not include wave setup :,\
explicitly, but he suggests modifying tne beach slope to include the change in by
water depth due to wave setup. He also dces not include refraction because

the angle of wave incidence is assumed small.

The strong points of the Longuet-Higgins model are: (a) the model ;::?5‘
PR iy
soiution {8 simple and easy to appiy and, (b) the model results compare we.l AN

(5.5

v " “
&
ll -'
;r:‘
vy

tO avaiiadle data. The weak points of the model are: (a) the numerous
simplifying assumptions, and (%) the spilling breaker assumption in the
Lateral mixing and bottom stress terms was applied seaward of the breaker line
where it i3 no longer valid.

Bowen. The Bowen (1969) model differs from the Longuet-Higgins model in
severil ways. Bowen assumes the bottom shear stress (s proportional to the
Longshore current speed, neglecting the contribution of the wave orbital
velocity. He also does not account for the effect of variation in depth in
the lateral mixing stress. Although Bowen simplifies the stress terms

considerably nmore than Longuet-Higgins, his soclution is more complicated The

5021%iz2n is in terms of Bessel functions and is, therefore, more &
.se., 0On the positive side, Bowen explicitly includes wave setup in thne surf

zone, and he neglects it outside the surf zone where it is negiigible comparacz

e Y ]

- - P A
~O “ne depth. SN
Tnornton. Thornton (1971) uses solitary wave theory in the surf zone =t }3:}?)
—————————— "q "

3 - '..\

specify wWave celerity and linear wave theory outside the surf zone. Thornton “ﬁ‘}‘i
l'\ -

~e_axes the plane beach assumption, but still assumes a beach of straight an:
parallel contours, He also includes setup and refraction inside and outsize
the surf zone. Thornton uses Prandtl's mixing length hypothesis to caiculate
the horizontal eddy coefficient in the lateral mixing stress. He assumes the
norizontal eddy coefficient is equal to the ampiitude of wave particie motiicn
multiplied by water particle velocity fluctuations due to waves in the shore
~ormal direction. The Jonsson (1967) friction factor for turbulent flow was

i3e1 in the bottom atress term. Thornton a.so 2ges not account for the

13




5

¥a
T
variation in depth in the lateral mixing stress. Thornton's modei requires a :
numerical solution. .-§ .
.'._.f._-l‘\
James. James (1974) uses hyperbolic wave theory in the surf zone and MRS

]
NN
o
o,

iinear wave theory far outside the surf zone with a transition region in :.\
KA
detween to calculate the wave stress. Hyperbolic wave theory is an E:i:{

approximation of cnoidal wave theory which is believed to describe the wave
form in the surf zone better than llnear theory. James includes refraction,

setup, and return flows (to insure the mean shoreward mass flux is zero). He

3

v
|
]
{
n
b
b
\
i

a.lsd eliminates the weak current assumption. Outside the surf zone, he uses

experimental results to define the eddy coefficient to be proportional to tne
inverse of the depth. James relaxes the plane beach assumption, but requires
the beach slope to be mild. The mild slope assumption mav invalidate the
.inear wave height decay assumption (as stated earlier). ..30, the model i3
formulated as a set of differential equations that must be solved
numerically. This model (3 much too complicated for practical engineering

J4sSe.

Jonsson, Skovgaard, and Jacobsen. Jonsson, Skovgaard, and Jacobsen

21975) return to using linear wave theory throughout the nearshore regiosn, f;f:i:
They use a nonlinear bottom shear stress and introduce a friction factcr tna: Egﬂ%ﬁ
is an interpolation between the friction factor for waves only and ine :Eigg‘
friction factor for currents only. Jonsson, Skovgaard, and Jacobsen 32opt ﬂ\;ﬁh

Thornton's (1971) formulation for the lateral mixing stress, but they 23
acccunt £or the variation {n depth., The model is a differential equatisn
Wnicn s solved numerically.

Xeeley and Bowen. Keeley and Bowen (19377) take into account longshore

variations {n longshore currents, removing the assumption of the current -eing

nomogeneous {n the longshore direction. Spatial variations in the longshore

AR )

2urrent, typical in the fleld, are caused by irregular bdathymetry and spa<tiil

variations in the wave fleld. Keeley and Bowen follow the Longuet-Higgins

hd
derivation of the longshore current due to obliquely {ncident waves, -tut om.: i:::a:)
PCAY
i \ . KYERLS
tne latera. mixing stress. They linearly add the currents due to opl:gue.y _\ﬁxjxj
. ) . 4 . , ‘ W
.acident waves, variations i{n the wave height in the longshore direztiion, ﬁ?ﬁ?:
(OhaNs b

variations {n the wave angle in the longshore direction, and nonlinear efl2cts

e -.'::1; !
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‘due to the advection term in the longshore momentum balance), They also "c“{3
e e
include wave setup. The Keeley and Bowen model must be driven by a refractisn 9“3
. . . . ) G
Model which provides the variation of wave heights and angles in the longshore Qkf\g
‘ L%
direction. The contributions of the longshore variation in wave height and ‘:‘::i
%)
. LA
the nonlinear effects to the longshore current are small. The model requires ?f}ﬁ:
C s . A
a runericzi solution, ®
Zia and Dalrymple. Liu and Dairymple {1978} present a weaxk current
mc22l ancd a strong current model. Both models include the effects 2f .arge
.ncllent wave angle and wave setup, but exciude the lateral mixing stress. In
the W4eak current model, the longshore current velocity i3 assumed small '. B
compared to the wave orbital velocity. In the strong current molel, the A ;\)
. . e
longshore current (s assumed t2 be of the same order of magnitude or larger N \'\
]
than the wave orbital velocity. The absolute value of the tztal velocit) “ﬁ\ﬁt
[ Sall ¥
.longsrore current plug wave orbital motlon) is approximated with a truncated
[ .
. . . ‘ . 4
cinomial series. For the weak current mocel, the bottom stress term is ﬂkﬁt,}.
AN
simplified to 2 linear function of the current velocity using the weak current ?Qﬁﬁ},
",
: : : - '-.s‘-
assumptiosn. The solution of the weak current model (s in cl>sed form. The {hﬂhﬁﬂ
.
strong current model results in a nonlinear ordinary differencial equa<icn [
SORCER |
szived numerically. The solution of the strong current model :is fzun<t f\iﬂl\*
AT
. . - . N : . - -~ '.- AN
iteratively bYecause the setup i3 not known a priori. The neglect :f Lateral 'Aiiez
AN
7ixing .imit3 the use of this model. 3‘=:i:
*, oW,
Kraus ancd Sasaki. Kraus and 3asaki 11979a, '979p. aad stil. arcsrer . ®

.nzr-vement to the lineage of momentum-b»ased .ongshore current ocdels., Thalr

mcdel incluces the effects of large incident wave angles anc tne lateral

ot

“

mixing stress (omitted by Liu and Dalrymple). They assume %hat the magn:

2f the longshore current (s small compared to tne wave Jrbital velocity.

~
2

uec-

S2tup is approximated by modifying the Seach slope 33 suggested Dy Lon

b

Higgirns. Similar to the Liu and Dalrymple strong current mocde., Kraus an:z

.'
(]

e,
7”7
.l
£

5
4

Y

3asaki approximate the absolute value of the total velocity ’'<ave ord.tal fl.us

o
{l
"
R .

longsncre current) with a truncated binomial expansizn. Insile the s.ri cZ:ore, ®

i
Y

tney 1130 aphly the approximation
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i3 the angle of wave incidence.
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Kraus and Sasaki verified the model with

aboratory data (Mizuguchi et al., 13978) and their own field data.
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model has an analytic solution in the form of an infinite series of

~wave celerity, and Snell's law, where

successively smaller terms.
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CHAPTER II: WAVE HEIZHKT OECAY
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Th2 derivation of the wave-incuced longshore current requires Knowledge

" *
e
Py i:.f"f .

of the wave height and the gradient of the wave heignt in the surf zore.
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Historically, the wave height in the surf zone has teen estimated as 3 .irear
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function of the water depth,
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Languet-Higgins and Stewart (354, and Bowen et al. [19€8) suggest tre
ity b

sncrewarcd of breaking as the motivation for Equation 2-!'. 3owen et al.

etween the decrease in wave heignt and trne decrease in water deztn
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Sugport tne assumption with laboratory data on a siope of /12, The Y-values .

. . : . . LY
rarged from 0.3 to 1.3. This empirical expression i3 attractive because =f L

.',.

-

3 3implicity, but the surf zone wave helght decay {s not linear in genera.

P
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P
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1s ~as boeen noted, for example, by Horixkawa and Xuo 1947}, Street and

+,

Pd
[
[

{’ﬁﬂ A
Y

s

A

Camfield ['967), and Van Dorn (1977’ on the basis of their zarefully cerfcrme:

[ 1 ‘\
iy
>z

Lazcoratcory experiments., Figure 2-1 shows [Zealized curves fit t2 lazcrat:iry

~ave n2ignt decay data. The curves are increasingly concave Jpwar? w€isn i'f:i;i‘
tecreasing beacn slope. The purpose of this chapter (3 UZ develop an amp.-.zal :?:ﬁyt‘
cIwWer 13w decay mocdel %O cdescribe the wave helgnt decay mcre accturitelv o tnan :%:E:E:
~ne l.near model, but still retain the useful simple form of tne .inear A
mcie., The 3imple form will allow the longshore current mcie. -> -e sc.ve: i:j-f;:
ara’ytizcally. .;2
The dissipation of wave energy in the surf zcrne {3 Zue ;rimari., %2 “&
- .irnu.ence (Horikawa and Kuo 1967; Sawarag: and Iwata '378; Miz.guon. "+37; .
Cally, Dean, and Dalrymple 1985a, 1385b; anc ctners.. The pcower las Ze:liy ‘
mcde. (s entirely empirical. The mocdel {3 not meant t> reglace mor=2 .
z2pnisticated models based on the physics of the turbulant energy ;
Z2i33ipation. These more sophisticated mocdels solve the energy fl.ix 27Uzt .n )
i~ tne surf zone, :

3.528/3x = ¢ -

2
3
\J
)
19)
(O]

33 i3 the energy fluix ant € (s %ne Aanergy 1.33.z3aTi°n mit2,
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For completeness, some of these models are briefly descrided. Le Mehau‘e '::Ef::
(1963) approximates 3 breaking wave as a hydraulic jump, substituting tre '?;f;\ E‘j
A
energy dissi{pation of a hydraulic jump for e in Equation 2-2., The sanme f‘-'_".'"
approach with some variations is applied to periodic laboratory waves by N S,
ot .
Oivoky et al. (1970), Hwang and Divoky (1971), and Svendsen /1984, 1985), o *Q

3attjes and Janssen (1979) also use the hydraulic jump model, but apply it to
random laboratory waves. Thornton and Cuza (1383) refine the approach of

3attjes and Janssen and apply 1% to both laboratory and field Zata.

A e

Although the hydraulic jump model appears to give the best explanatisn
of the physics of wave breaking, three other approaches are mentioned because
of their uniqueness and insignht. Horikawa and Kuo (1967) model surf zone
energy dissipation due to bottom friction and turbulence using solitary wave
theory. The turbulence ls assumed to decay exponentially with distance from

tne break point. The results are good for a horizontal bed, but poor for a

plane sloping bYed. Mizuguchi {1981) models the surf zone energy dissipation

'
, .
.
‘l
N
s
,

5y replacing the molecular viscosity with the turbulent eddy viscosity in the

.. J -'.
: . : : . - . B
soluzion for internal energy dissipation due to viscosity. Mizuguchi's model _{\:\{\
RASERLS
allows more complex beach profiles (step-type beaches) and reformation and iqf:}%:
S e e,
second breaxing of waves. The model gives good resuits when tested with ®
T W,
Latoratory data for wave breaking on a horizontal beach, a 1/10 slope tlane 3;;:$\
oo A w1
beach, and a step-type beach. But, Mizuguchi admits that the eddy visccsity .jsﬁdj:‘
[ PR
Lol o
1s3umpticn is "obscure." The model requires a numerical solution. Cfally e: DAY
' ST
al. ['985a, '385b) prcopose what they call an intuitive approach. Th P

lissization, € , in Equation 2-2 is assumed to be proportional %0 the
iifference between the local energy flux, Ecg. and the "stable" erergy flux,

E:zs' or

[AV)
]
Cad

g€ = -(k/h) (EC_ - EC_)

g gs

where < .3 a dimensionless decay coefficient and h {3 tne loca. sti..-

<ater Zeptn. The stable energy flux is found to be associated wit” 3 wive
re.gnh% esual %0 approximate.y 0.35 to 2.47 times the local depth. 7Th.ls

asprsacn allows a Sreaking wave to stabilize or reform and treak aga.n. Tre




Y A - .

-
', (]

r;}
[l oy Tl TR

2000
AN
i‘l‘-'f"
Yo Y

;

formulation also allows for an arbitrary beach profile and the inclusion of
wave setup, but this requires a numerical solution. Analytical solutions are
deri{ived for simple profiles (horizontal bottom, sloping bottom, and Dean's
{1977) equilibrium profile). Results are good in comparison ta laboratory

data. Since thls approach i3 so successful, the power law decay mocel will be

compared to it,

Power Law Model »f Wave Height Decay

‘.
\
\
>
)
3
)
»r
.
’
4
E
I
3
L.-
b

In this study, the wave height decay is expressed as the power law

[y

n N
H th (h/hb) 2=

This form was chosen because it is similar to the linear wave height decay

model, and it reduces to the linear decay model (Equation 2-1) for an
exponent, n , equal to 1.0, Equation 2-4 is applicable from the breaker line

t5 the mean shoreline. Two constants, Y and n , must be specified in

.ed"

T3yza%ion 2-4, It is noted that the formulation of Dally et al. {1985a, '3833> T
AL
also requires specification of two parameters through empirical consideraticrs. }?::f
A
T-e :mportance of beach slope in the decay profile is clearly shown in Figure :iu:u:

2-'., Heorikawa and Kuo also suggest the importance of the wWwave steepness,

SN L., where Ho is the deepwater wave height and Lo is the deepwaltear

~3ve_engtn, and the breaking wave conditions (Hb/hb) on the decay profile.
Ts.lowing a description of the wave height decay data, the procedures usel (2
arilyze the data and quantify Y and n are explained.

Seven independent sets of laboratory and prototype scala Zata comgrising
*315 experimental runs on slopes of 1/90 to !'1/1J3 are used to juant.fy itne <ave
~eight decay. These data sets were obtained through a comprenensive searcn =7

the .iterature in English and Japanese. Table 2-1! summarizes the Zata. Tne

o

-~eak.ng wave heights (of monochromatic waves) range from 4.67 cm %o .37 m, WA
LSRN

a2 “ne w~wave periods range from 1.2 s %o 9.0 s. The wave steepnesses H, L. ::
. . N,

i~e -etween 2.2031 and 0.091. The data are .isted {n Appendix A. -

’

P



- o v s . - ‘ - [y
RARANES o, . AN LR YT
WA v Pl A o

ST QNSNS g Vad el o[ ZRNIEIN o

w’-.-fqrun. h.nl Ty " ¢ n..--\-iu-\\) &.a.-.-v-)

R SO A S A A I s At

.w..\..s:&Js.., e P TR A A ol L LY

Number >f Runs
57
16
19
21
N
.

1/80
1/65
1730
1/20
1/62.5
1/45.5
1/729.4
1/22.2
1710
1/50
1/90
1740
1712
1/25
1/45

Silope

Table 2-1

(1974)
"

Data Summary for Wave Height Decay
(1983)

(1977)
N
N

ve {(1985)
N

3§
-

.

Source
Horikawa and Kuo (1967)

and Kuo (1965)

Maruyama et al.
Mizuguchi (1981)
Saeki and Sasaki (1973)
Sasakl and Saeki
van Dorn

#
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Horikawa and Kuc performed their experiment in two parts. The /27 and
1/30-slope data were collected in a flume 17 m long, 0.7 m wide, and 0.5 m
deep. The slope was covered with a smooth rubber mat. The 1/55 and 1/80-
slope data were collected in a flume 75 m long, 1.0 m wide, and 1.2 m deep.
The slope was concrete. The Maruyama et al. data were collected in a
prototype-scale flume 250 m long, 3.4 m wide, and 1.2 m deep. The initial
s.opes (1/22.2, 1/29.4, 1/45.5, and '/52.5) were formed of sand and w~ere,
therefore, not constant throughout each run., The Mizuguchi data were
collected in a wave basin '5 m long and 15 m wide, but the width was %trunca%ts
Yo 9 m., The 1/50-3lope Saeki and Sasaki data were collected in a flume 24 =
1ong, 3.8 m wide, and 0.8 m deep. The 1/30-slope Sasaki and Saeki data were

cllected in a flume 24 m long, 0.5 m wide, and ' m deep. The slope in bSoth
cases was formed of smooth plastic. The Stive data were collected at two
scales to compare scale effects. The large flume was 233 m long, 5 m wide,

and 7 m deep. The slope was sand with an initial slope of 1/40. The small

¢

flume was 55 1 long, ' m wide, and 1 m deep, with a concrete slope of 1/40. :5355
The Van Dorn data were collected in a flume 24 m long, 0.5 m wide, and at a TL?}?
still-Water depth of 36 cm. The slopes were formed of plate glass. .3;52
Tne parameter Y (s defined as the ratin of the wave height to the 33;;

Loca. «atar depth at “Sreaking, :E;?;
LY

= /
Y Hb hb

i
1
It

ty solving Equation 2-4 for Y with H=H, and h=h,. This ratio is very
3i1gnificant because it specifles where a wave will bSreak. This is important
11 the design of coastal structures, so the specification of 7 nas
stimulated much interest.

MeCowan (1891) calculates the critical H/h ratis for wave treax.ng from

sclitary wave theory. His value,

Hb/hb = 0.78

$.v2s 1 ~eascnabla average cf{ the measured Y-values from the data summar.ze:

)
—p
>y

l’l..’
oy 2
V)

| L}
T,
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in Table 2-1, but it does not explain the measured variation in ° s

in ¥y ., Figure -

,N.

2-2 shows McCowan's expression versus measured values of Y

)
5

1S Yy

)
""' "I [}

'l‘f"l

avai.able frzm tne
| data set {Appendix A). Galvin (1969) includes the effect of beach sl:zce,
. in his empirical relationship

2z,

NI

'.l

L]
i

m

IR ARAAA
{-.Iv;'.'
LY

R e e T )

‘ H /n = 1
. “{b hb /Sb
»

&q?x
b
[

2
iy
4
3
@®
w
"

g

Bl

5 0.92 for m > 0.27 and Bb = 1,40 - 8.8 m form< J.27., <ol

arns wier ('969) also include heach slope in their empirical expression

[}

Hy/hy 0.72 + 5.6 m

-

TN 4

Ry
Tyt
i

5
& Rt

Galvin, and Collins and Wier predict increasing Y with increasing slope.

) sl..‘-
1

i

Y

«
P

. The data indicate that this trend is correct (Figures 2-3 and 2-4), but the

s large variations in Y for a given slope are not accounted for by these two

&
~‘
s

) equations. Goda (1970) gives Hy,/h, is terms of h,/L, and slope in graphizcal

AN )
e
S

S
.

5 Y

form (Figure 2-5) obtained by fitting fleld and laboratory data.

weggel

s
;‘o‘

Ty YN
v
vy

N

“
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S

5
&
ﬁhh

{1972) gives a similar expression in terms of Hb/”.‘2 (where T s tre wave

s
»
/3

[

. cerizd’ and beach slope

.,.2
N = - ) H /

-19m

) ~19.5m
1 Wnere a’‘m) = 1,36 (1 - e ) and 1/b(m) = 0,64 (1 + e )

LS
. a'm. are secz/ft. Figure 2-6 shows Weggel's expression versus the meas.re: y -

ne units ¢

valies 2f Y . Singamsetti{ and Wind (1980) and Sunamura ('98'} incluze tne o

¢ e : : . . (YL SN

effects of beach slope and wave steepness \Ho/uo) in expressicns for <. .. Tt

3 RENLS
jingamsetti and Wind's equation,

s
t
b
&
5 %

»
5%,
B4

AL
4

1/72,0.22
P = . ( ¥y / 2"
Y Hb/hb 1.16 ‘m/(qo Lo) )

wprl L L
1, 1,
P4

Py

?
L

L

‘3 piotted in Figure 2-7 against the data summarized in Tatle 2-'. Sunamury’

v
»
3
p
¢
b
o
l' l.
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2zuation,

N
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/6 -1/12 .
o= 11 4/
4 /h L1oim) (H /L)
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s plotted in Figure 2-8 against the data, Eguations 2-6 and 2-7 are juite

similar., The equations give a rough estimate of the measured value of v

but they 40 not explain all of the measured variation {n Y,

Plots of the measured Y versus HD/LO (Figure 2-3) and teach slope

decreases with increasing wave steepness and
increases wi%h increasing siope. Figure 2-11

"Figure 2-10) show that Y

{8 a plot of Y versus a

T/
somzinatizsn of these two parameters, m/(Ho/Lo) , Known as %the surf
sim..arity parameter ‘Battjes 1975). The plot shows some increase in Y wi%-

an increasing surf similarity parameter, but the relati{onship i3 weax arz %ne

13%a3 are very scattered. OCbviously much effort has been expended in the

the pas~
©) determine Hb/hb' Although none of the expres3ions presented gives an
excellent fit to the data, the expressions of Singamsetti and Wwind, and of
Sunamura grovide the best predictions, It (s evident that zoth the
measurement and the process of wave breaking are very complex and that th

phenomenon has a large variability.

The second parameter needed to quantify the wave height decay in this

-

study is the exponent n . The n-value in Equation 2-U, obtained as a bes:

fit to each of the cecay profiles in the data, was calculated by regressi*"

analysis., Eguation 2-4 {3 nonlinear, but it was transfcrmed %o 3 Lirear f:rm

i

48ing natural logarithms, and the curves were f{% to> the data -y “ne metncz of

233 sguares (Miller and Freund '977). The method >f _east 3quares minimizes

“he sum ¢f the squares of the vertical distances from the data points =2 %~

~egressison curve, Equation 2-4 transforms to

inH = 1n (th) «+n.ln {(W/'h ]}

or

.n which 1n i3 the logarithm to the base e ., The crevious equation .3 :of

tne form

Y =a+bHX

Arere {3 unknown, The (th)-term can be treated eilther 33 3 «knTwWwn 7
in<nown in the analysis., The value of th for a particular run i3
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equal %9 Hb , which {s avallatle in the data set, If the va.ue of an 13

t
calculated by “he regression, this gives a detter fit of tre curve to tne

data. B8ut, by letting ¥ "flcat” as a free parameter, it .3 no lcnger egual

) Hb/hb , Therefore, tne value of th {8 set o for eacnh run, arz
sml/ “he value of n is alloweZ vary %o fi% the Za

.-

The first attemct %o Zuiant.fy n was to calculate (t for each Zata run

4.%7 tne regressizsn aralysis, an 2Ot these n-vai.ues 3gainst signifizans

v 4

Sitameners for respective runs., The parameters chosen (o relate witnh the n-

ENREX

vil.es <ere -each s.3pe, wave steepness, surf! simi.larity parameter, anz s.urf
1,2

s.Tm.laricy carameter 3t wave oreaking, m/iHbf;“) . Figure 2-'2 shows n

"s'e

/2TSuS heacnh slLope for euch ~un, The plot shows an inverse or hyperzoll:

PR’y

~e.aticnsnip between n and si.ope, Hut there i3 much scatter. An n-value

IR

P

greater than 1.0 indicates a concave upward decay profile, so larger n-val.es

)
v
.

0w
.

associated with smaller 3lopes fits the trend In Flgure 2-1. Figure 2-13 i3 3
.2t of n versus HO/LO. No correlatinsn between n and HO/'.,o is obvious.
Figures 2-'4 and 2-'5 are plots of n versus the deepwater surf similarit
caramater and the surf similarity parameter at breaking. The correlation
taxkes a1 nyperbolic shape in both cases. These four plots show that n  and
Hc ;3 0 n3t Rave a strong relationship, dbut n and slope are related, as «as
<mCwn “r-m the onset. The plots show that for steep bottom slopes, the
~-val.i2 .3 Lawer ana less variable, whereas on gentle tcttom slcpes, Lne n-
va.l.ie i35 extremely variable.

Tnis first attempt was encouraging, but not concluisive., The
forotne individual runs on small slopes were extremely variadle. Ll3e
axaminatisn of these runs (Horikawa and Kuo 1780 and !/65 sloges! show
some runs had as few as four data points, and in some cases the :

anly one-third of the surf zone (from the breaker line inshore..

Yy Y
.lf.'f P

few data points, the n-values were higher. The lack cof inshore

P As

2
1 4

,l
s

x

he decay profiles evidently biased the results.

7

T eliminate the problem of sparse cdata in some runs, ail

ce were nondimensionalized and combined. The w~ave height was
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nondimensionali{zed by the breaking wave he:ght and the water Zepth was

nondimensionalized by the water depth at treaxing. £Equation 2-% Secomes

The equation was transformed to the linear fcrm

o JH'HLY = nln fh/hbf

and a regression analysis «as performed. The results of the redress.on are

Z.ven .n Table 2-2. Tre n-va.ue (3 the result 2>f the regression for tne

[}

L.mped nendimensional 2ata. The values of Y and H /L, are tne averages of

o)
“re comzined ~uns. Figure 2-16 is a plLot cf tne "lumped” n versus the inverse
=f pottom siope. A linear regression of n as a function of slope gave the

2quation
n=1,3 + 0.009/m

<.%7 a2 2orrelation coefficient, r , equal to 0.71. A regression was 3.8C

“cne o2rn 3 subset of the data, the Horikawa and Kuo cata, and gave the eguatizsn
n = 0.8 « 0.217/n

.27 a 2arrelation coefficient equal %o 0.86., Tne Horixawa and ¥uc 2ati ses

415 se.ec%ed as a subset because it {nciudes more runs and data foints ger

w

L3re whan the other data sets and thus woull e more statistically 3%actl=2,
T.gure 2-'7 is a plot of the "lumped" n versus the averaged =, 'L,. The £l2ot
372wW3 n> obvious correlation.

Altnough the relationship between n and beach siope (s fairly clear
-~ the combined data, the scatter in the data implies there may De anclrer
mocorsant factor, assuming that random experimental varladbility s nct oune
~3 3~ 23use, To resolve the variation in n for a given slope, n v2rs.s

4. .. ani n versus Y were plotted for selected s3ldpes, Tigures 2-'3 an:

2-73 are olots of n versus H,'Uj ang n versus Y for a sldpe 3f 120
T-e villues f n, H_ T and Y are from each of tre individual -uns, 7zt
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averages, The n-value still shows no relation to Hy/Lgs Dut n  does .ncrease
a3 Y Increases. To summarize, n 1is a function of slope and Y , -“ut =

does not appear to be related to Hy/Lg Or to the surf similarity parameter ‘a

function of HO/LO).

o E AR e v v e« w eTm ECRT T

As a next step, to avoid the problem of sparse data in some runs without

combining all the data of the same slope, runs with similar Y were combinec
‘so the effect of Y s seen). Slopes with multiple runs were divided into

groups Wwith Y centered on whole tenths of Y (0,6, 0.7, 0.8, etc...)

DA

Jegression3s were run on each of the groups to calculate a best fit n . Thnes=a

n-values, the average Y , and the slope for each group were used 3as input %2

V)

multiple regression of n in termg of Y and slope. The assumed form of

(&4

ne ejuation i3

n = bo + bl/m + bZY + b3Y/m

['OE ]
rd

u»h Y
(]

The method of least squares was used again to fit a family of curves to

Y

P

~

191
3 A
'
by
L4

tne data. The multiple regression wag run on a subset of the <data, the
Horikawa and Kuo data, because it included more data points per slcope. The @

result of the multiple regression is AN

n = 0,657Y + 0.043v/m - 0,0096/m + ©.032 2=3 NI

W, e
. . S Y
Zjdastion 2-8 is plotted in Figure 2-20. The plot shows that n  increasas .ﬁu;xjs
(O
. ; . . . . R ECM
Witn increasing Y and decreasing slope. The interaction term ¢f v anz }5-:J~
rSAS
. N "

s.cpe accounts for the increased steepness of the curves as the sioge {}i&

decreases, Flgure 2-21 shows all the data plotted against Equation 2-2., Tre
second term in Equation 2-8 i3 the leading term for moderate-to-mili =eaon
slopes. The value of n 1is mainly controlled by Y , but is also sersit.ve
2 m because the beach slope varies over an order of magnitude wWhereas “he
value of Y deviates little from unity.

Figures 2-22 through 2-27 give examples of the fit of the power law ~ive
~e.3gn% decay model to the Horikawa and Kuo laboratory data. The solid l.ne

©3 the power law model. The n-values used were calculated frorm

Z3uation 2-9 with the measured values of n and beach slope. The dJashel _.n2

13 wme £t of +tne lally et al. mocdel described earlier, The reccmmenzed vi..:
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of k = 0.15 and the stable wave height of Hs = J3.4% nh Jere .ised %3 ¢c3alirulate
the Dally et al. wave height decay. The decay profiles on the steep beaczh
slopes show almost linear decay with a pronounced setup ‘nct included in tne
Dally et al. curve). The decay profiles orn the mi.2 3slcpes sncw a concave
ipward shape as predicted by both models, The Da.ly et al. mcdel appears -:
fi%t the profile shape better on the mild slopes, characterizing the
~efaormation of the wave. Overall, the power law model gives a good predictizn
0f the wave height decay.

The pcwer law model precicts tnhe wave helight decay better than the
_inear cecay model assumed in previous longshore current models., The power
.aw model also compares favorably to the more complex model of Tally et al.
"*385a, 1985b). The specification of two parameters, Y and n , is required
in the power law model. The parameter Y (s the ratio of wave height to
water degth at wave breaking. This parameter (s best estimated by the
expression of Singamsetti and wWind {(Equation 2-%) or the expression of
Sunamura (Equation 2-7). The exponent, n , of the power law is a function =5f

¥ and the beach slope as specified in Equation 2-8. A clcsed-form solution
for the longshore current distribution {s derived in the next chapter usinz

the power law model of wave height decay.
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CHAPTER III: DERIVATION OF THE LONGSHORE CURRENT CISTRISUTIIN MOCz:

Rvye)

[l

X
545

»
CAS

This chapter descridbes the derivation of the closed-form mathematical

LN
,'
" %

NS YY"

n
.3
T

*
L4

S

E?

NS
7’
e

L of the longshore current distribution based on the power .aw of wave

4

e
height decay {n the surf zone developed in CThapter II. Thne model i3 interde:?

i
/
)
/
Y
o
J
E

> te an engineering tocl for predicting longshore currents and for studying
~elationsnips between physical factors generating the currents, The moment.~
calance {n the longshore direction is the basis for the mcdel, but many
3impiifying assumptions are made in order to provide a solution in a faorm f2r
practizal use. The model may be viewed as an extension of the mcdel of
Longuet-Higgins (1970a, !'970b). The effect of incident wave angles is
included in the form presented by Kraus and Sasaki (1978a, 1978b), but
truncated at second order to aliow easier application. The longshore current

model {3 compared to laboratory data and to the Longuet-Higgins model.

Assumgtions

The assumptions used in the derivation of the longsnore current mccel

[\

re listed in Tablie 1-2, Tnese assumptions simplify tre mathematizal

lave

prent, s0 an analyticzal solution becomes pcasidle. Similar assumoticns

¢+
@]

nave ceen made in most previous longshore current models, incluling numerical
~cziels, The assumptions picture a nhighly oversimplified envircnment, somewnzt
remzved from the real world., The longshore current is never completely StTeily
"see, e.g., Meadows 1977), in contrast to the steady state assump-icn. Tre
songshore current varies significantly over time pericds as short as 32
minutes. The longshore current i3 also assumed Lo be homcgeneous in the
Longshore direction, Harris (1969) describes this as an "alongshore system”
13 Oopposed to a cellular system with the longshore current feedling rip
currents. Harris notes that alongshore 2 =tems occurred in >nly "I percent :of
n13 fleld observations nerformed on the Natal coast =f Soutn Africza, In
Lat2ratory wWave tasing, more conditions can de contrciled e.g., the Wive

fial41 an4 =ne heazh slope), bHut the lateral bdoundcdary conditicn =f a homogzenctls

“»
)
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current in the longshore direction is 4ifficult to achieve. If prcper care .3 gh“u

not taken, a large circulation cell will tend to form in a3 wave Sasin, %;

Although the assumptions made are restrictive, the trends ozserved in the

-
0

Y
[ SRSEN

.J

z
Sl
7

model are expected to be applicable to more complex situations. If a cellular 2*

system is present, a circulation model (e.g., Keeley and Bowen '977) sncul+ e

:?15
Y,
% 'S

ised. The model presented in this report predicts the depth-averaged
L2ngshore current distribution. This level of sopnistication is ccnsistent

witn most availadle measurements of the longshore current,

Equations of Motion

The equations of motion are statements of Newton's Second Law,

conser-
vition of momentum. The equations of motion for the depth-averaged, steady
RS A
- ; P RS )
10w that must be satisfied are RN
[
- - R ‘.‘-_:
1 3u/3x + v Ju/3y - fcv = =g (n*n} 9n/3x + (1/p) [ stressesX 13- 5j~: %
A
St
AIAEAY
. : N 0 N
for the x-4irection {(shore normal) and ) PO
e
U 3V/3x + v 3v/3y + fcu = -g (h+n) 3n/dy + (1/~) ¢ stressesy 3=2 P
-.\.
-
for wne y-idirection (shore parallel), where u i3 the mean current speei in e
-ne x-2irection, v 1s the mean current speed in the y-directicn, [, 15 tne

Zorizlis parameter, g 1is the gravitational acceleration, and n {3 tre mean

32%up .Figure 3-')., A derivation of the equations of motiorn i3 fzuni in Tean

and Ta.rymple {1984). The continuity equation,

[N .
e

LN

L
s 4

.
0

“/ax Tu(n + md1 + 373y fv(n e n)l =0 1-3 N

[ .
A

axpressing conservation of mass, must also be satisfied. All y-derivailves Tt

¥
% 3,
v(.

are terc secause of Lhe assumption of nomogeneity in the y-2
e

by

aps.ying the continulty equation {EZguation 3-3), u-2 Th
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reglected. Equations 3-! and 3-2 simplify to . i
4 5
'
TN A A
PNt
- - AR,
0 = -g (h+*n) 3In/3x + {1/p' [ stresses i-s ®
x - - - \- ~.
.':-.::\':,‘\ \
'-_.'._\. .
and ":’:*:
- '
" ™ .’\ "
ALY
- (% SN
0 = I 3tresses ‘Tz °
y ASIOL
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AR

Z7u3tion 3-4 “x-mementum) 18 used in Chapter IV to derive the wave sesur, - ::
- c ) . ) , .- 3
T3uation 3-S5 {35 expanted to derive tne longshore current <igtribution, . ’
The stresses referrecd to in Equaticn 3-3 are the local wave siress,

., -ne wind stress, Ty the stress Jue tO lateral mixing, BL , and tre

.' -
f~.2tional stress cn the bcottom, <By> . Eguation 3-5 -ecomes

=t -t o= B - <B Li-s
Y wy - Y

The

wind 3tress 13 not incluced in the general derivation, but % i3 disc.sse:

liter (3 tnis chagter.

_Local Wave Stress

Tne 13cal Wave stress i3 the longshore force exerted <n the nearsnire

~da.er mass by the incoming waves, and {t {3 typically assumed %0 -e tne :-.

-

“r

iriving f2rce of the longshore current. The local wave stress
.3:n2 tne concept of radiation stress developed by Longuet-Higgins and 3tawirt

T1%-2, 1943, 1964}, Longuet-Higgins and Stewart define radiaticn snress 33
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of x-directed momentum in the y-direction. Fy 1s the energy flux in tne x-
lirection per unit distance aiongshore, < {3 the wave celerity, and 8 i3
the local wave angle. By Snell's law, {sing/C) 1{s a constant and {s
tnerefcore equal to the same ratio at breaking. Equa%tion 3-7 can then "e

“ritten as
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Aoclying linear wave theory, the x-cirected energy flux i3
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F_ = E C_ cos9 $2-3
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energy iensity per unit surface area. The energy Zensity is

wnere i3 the local group celerity of the waves, and = i3 the local

E - 1/8 p g H® R

If waves do not lose energy (by wave breaking or zottom frizctizn., the
erergy fl.x .3 constant, but in the surf zone, wave energy i3 certainly

-
st

1

- 70 al

. The wavye energy decays through the surf zone, and (% {3z

aprroxitataly the shoreline. The rate of energy dissipation, 2

v
W

8F /3% = =D
X

La)
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Tne net stress per unit area exerted by the waves 2n tne water [T tne

suirf zone i3
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The local wave stress is proportional to the rate of energy 4issipatiosn,

Therefore, outside the surf zone, where energy loss is small (minimal wave

Jreaking; weak bdottom orbital velocitlies, producing little bottom friction!

[
L9

the wave 3tress (s considered zero.
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P
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Inside the surf zone, energy 108s by wave

s

creaking {s dominant, and bottom friction (s also telieved to be signifi
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_onguet-Higging 1'370a, Toh ) the wave neight decay power lLaw :s

applyinrg ive
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the broken wave nheignt .n
Tre loca. wave energy ', becomes

an1 tne ernergy flux ‘Zquation 3-3) becomes

. n.2
= /8 p g [vn, (n/n 71T

F
X

In sSrnallzw <“ater, the wave group celerity and the wave celerity are equal
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nv linear gra.low-water wave theory, Using Equatisn -18,
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Fx =1/8 p g Ny
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wave 3etup i3 accounted for insile the surf zone by altering tne zealn

~ani , 33 suggested by Longuet-Higgins '°370a)
) ) 2
- dh/dx = tang8 = tand3/[1+3/8Y

ia assume?d to5 be a .Linear functi
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The derivative of the energy flux {n the x-directicn is computed as an

L 4

intermediate step to calculating the local wave stress, From Egquation 3-°7

and Equation 3-18

t ¢
3F /3x = -tan8 3F_/3h "3=13 ‘
X X >

2 2 (2n-2, . L 2n=1 /2,
Y/ (n) ' 3/3n'n

_me 13cal driving wive stress (ns.ide the surf zone follows directly from

. 2/
= -tan3 1/8 p g~

0

cg3’

Z3.3%ion 3-'9 substituted in to Equation 3-13, and the wave 3%ress suts.te wrn2 -

s.rf zzrne, wrhere O 1s negligible, i3 zero

* / . {2n- f2n+1/
T, " *and '/8 83 2Y2/ahb>‘2 2) a/ah(h'2 2) cos8’ x < X,y

Lateral Mixing Stress

The lateral mixing stress {3 the exchange of momentum caused by
n2rLz2ntal turbulent eddies. A review of the influence of lateral mixing in
Longsncre current modeling was recently made by McDougal and Hudlscetn

. Neglect >f lateral mixing predicts an unrealistic discentinuity in

cre _:ingsnore current profile at the breaker line, The latera.l mixing 3%ress
2moLzyed is 2f the form used by Longuet-Higgins (372t
B, = 3/9x (oeLn Iv/3x) -2

“rere ¢, i3 the lateral viscosity coefficient defined as tne prczuct =f 3
recresentative mixing length and velocity. The lateral viscosity cceffizient
;81 is from Madsen et al. (1978). The representative mixing .ength .isel (3
“me 4.3%3ance %2 the mean shoreline, and the representative ve 2C.%y 1S The

—aximum croital velocity, Uo ,
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The time average of the orbital velocity is W
AN
A
_:-'._",_‘
<U D> = (2/m) (3- L
o> (27w UO (3-33 TR
max NNy
N
where UO is given in Equation 3-23. Equation 3-32 simplifies to ':fh A
max TN
:“Jﬁ~
"y
172 (n=1/2; (n=-1 SR
35> =c/mov [vg /A2 T 502 x < x —e
Y £ o) o SN
3-3- i
1/ 1/ 2 RN
g2 02 (1 sine) o x, RO
A
N
.
VAN
Longsnore Current Velocity AN
A
l\ M
Special case: small incident wave angle. Further simplifications car :ﬂhﬁ

oe made by assuming the angle of wave incidence is small. The small-angle R
Lo

assumption also facilitates comparison between the present model and the mocdel ;iQ;

of Longuet-Higgins, since Longuet-Higgins assumes the wave angle i3 small. f‘{ ~
AN
For this special case, cos® 1{s approximately equal to unity and sins BIAVAT

.3 approximately equal %o zero, Substituting the longshore stresses -

applicable to the surf zone (Egquations 3-20, 3-25, and 3-34) into the stress

calance ‘Zguation 3-5) gives

* -1/¢ - ; -
- :ans ‘/un‘l)/16 o 83/2Y2 h(Zn Z)/(hb)(.?n 2) Slneb/vb = ?.'_\Jl_\.f
RENT A
‘:._-,::'\‘.r
1/ n+1/ -1 - IR
+ 3/9x (plTYx g 2/2 h( 2)/(hb)(n )av/ax) t2-3:3 AN
IR
/ -1/ =1 o
- e/np v ovg'/(nT1/2) 0 s
£ b S
*
ApplLying the piane beach assumption (h = tang8 x) , and simplifying, Equa%i>n
2-35 becomes h
NS

*» 14 -
-~ang ‘4n+1)/16 31/2‘()(‘2n 1/2)hb1/2/(xb)n sinsb
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» C e _
/72 tang 3/3x (x\? 372) av/3x) = t/n Cp Vv x(n 1/2)

Nondimensionalizing x , letting X = x/xb , results in

* 1/ ron-
- tang (4n+1)/16 g /2Y(hb>1/2 (lan=1/2) sin, - (337
* (n+ fm=ty2
072 tang 3/3% (x'" 3/2%v/3X) - M/moo y x0TY/2)

IS

tre l3teral mixing term is neglected, the first term to the right of tne

23ua. 3ian in Zguaticn 3-37 i3 zero, and the longshore cuwrrent speed (3 so.vel

/ 1/ Y
2 y2 4 %™ gine (3-33"

* 1
v = m/c, tang {4n+1)/16 g » 5

The velocity at the breaker line (X = 1) for n = 1, neglecting lateral mixing,

.8 defined as o

#*
S tans 1/2 PPN
L s Y(ghb) sing, ©3-39°

f3llowing Longuet-Higgins {1970a). The value of v, 138 the maximum possisie

current speed forn =1, As n varies, the maximum current speel {3 given =5y

Vmax = (Uun + 1)/8 Vo 3I-.2
Nondimensionalizing the current speed v Dy Vo s 7 o= v/v3 , simplifies
©34ation 3-37 to
- { ‘n=1/2" .
~caneryss x0TV gsax XY gy - v xR e
“here
* R “
P a (rm)/(2 Cr) tansg RS

Tne parameter P i3 nondimensional, and it expresses the relative importance

3f lateral mixing (T) and bottom friction (cg) .
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» Calculating the derivative i{n Equation 3-41 and rearranging =he terms gq:\
- N
- k3 ".- ~
P‘; gives _-:.f',"‘
’ e
! :-':J‘:
™ PXZ V'' + P (n+3/2) X V' =V = -{upsi)/5 X1 (3-472° NS
w’ .‘,.:-_.\'
-~ R
x . . ~ B
> where the primes denote derivatives with respect to X. Etquation 3-43 is a \
: nornhomogeneous second-order differential equation solved by the method of <
'~ variation of parameters. The solution to the differential equaticn is :
'S
-
% 7 =3 xP «ax" EASE
¥
o
"
(. “here
v,
7,
A = (4n+1)/5 [1/(1 = n P (2n+1/2))]
"
‘,-r" .
- p = -(2n+1)/8 + T{(2n+1)2/16) + 1/p]1"2
.-
S Substituting the longshore stresses applicable outside the surf zore
o "IZguations 3-22, 3-25, and 3-34) into the stress balance eguaticn 'Eguaticon
o
By -5 yields
N
.
~ 172 1/2 I
0 = 3/9x (pl x g /2 Hh av/ax) ERE L
)
.
N 1/2 172 .2
N - cf/np v g H/h (1+8in"9)
>~
o™
. Sutside the surf zone the wave height {s approximated by linear shallcw-waten
' 4
3 «ave theory (Green's Law) as
\"
¢
) 1/2 1/4 -
= / h /h H -z
Y, H = (cos8/coss,) " (h /h) N :
KN Applying tne small angle assumption and noting Hb = th , Ztquaticn 2-.3
1 simplifies t2
s
o
~
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Applying the small angle assumption, the plane beach assumption, and Equation

3-47, Equztion 3-45 simplifies to v

3
hY
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)
5/4 3/ P
J = Q 3/3x x IV/3x: - v/x7 13-.8 Py e

« el
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hthh ]
by

2~ in ncndimensional form
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L

k3
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Q =1rIn/(2 ¢,.) tans

Tre parameter Q 1is used instead of P seaward of the breaxer iine because

tre effect of wave setup (s negligible in this region, Calculating the

ierivative in Equation 3-49 and rearranging the terms gives

’
1%

XCUTt « 5/4 X V' - V/Q = 0

(We)
]
n

()
»

Z7.3%iz2n 3-80 is a homogeneous second-order differential ejuatizn with tne

v =Xl

Cas
1
)

“here q = -1/8 - (1/64 « 17372

N

The quantities B from Equation 3-44 and C from Zguaticn 3-57 were

&3]

35tainel by equating the current and the derivative of tne current nsiZe an

sunsile tne surf zone at the breaker line. The general solution for tre

L2-g3ncre current distrizution assuming a small incigent ~ave ang.e s
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D = =2ne1)/4 & Ti2ne118r1g 175072
G = -1/8 - 1754 « 120172
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Tombinatinns of n and P that satisfy the relation

n = -1/8 + (1/64 « 1/(2p))72 '
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3
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Uas

cause tre solution for A in Equation 3-49 to become indefinite, For these
i3l cases, particular solutions to £quation 3-42 must be calculated. For

2xample, with n = 1.5 and P = 4/21, the solution i{s

-

v = -(147/100) rx3721n x - x3/2/53

Cay
[}
(2]
{

Next, the more general case without the small angle assumption is consllerecz.

General case: wave angle not necessarily sma.l. On gently sioging

ceaches, the wave angle at breaking is usually small due to wave reflraction,
~ut *his is not always the case. Liu and Dalrymple (1978) and Kraus and

3a3saki [197%a) show that the breaking wave angle has 3 significant eff220 >n

~-e miagnitude c¢f the longshore current and the shape of the curren
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:3trinsution., The method of Kraus and Sasakl is followed to incluZe tne

effact :f wave angles on the longshore current cdistrioution,
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8y Snell's law and Equation 3-15 DYy

sing = C/C_sing o
b b St
Cmyc= DA
=55 wS
1/2 . Lo
= (h/h ) sing I
o) b fta:f:f
La i
) . o . . L]
Using a trigonometric identity, the cosine of the wave angle may Se written is R
. , .2 12 .
= 1 - {(n/n) sir 1-52
cos9 {(h hb' sin eb) i-5c
Zquations 2-55 and 3-5%5 express the sine and cosine of the lccal wave angle oo
terms of water depth and constants,
Using Equation 3-56, the lccal wave stress in the surf zcne, Zquatisn
3-20, becomes
Sepenet
.\-"\'-\? -
-:".P:‘f:.'::
* / - '.:".:f-_".
T = tang 1/8 p 33 2Y2/(h )(2n 2) sing /C RO
7 b b o r‘"::" e
2 "f - LSRR
(2n+1/ . 1/2,
3/3n (n'2" 2)(1-(h/hb)31n26.)' 2
5
Taxking the derivative and simpiifying, Equation 3-57 becomes
2 * . -1/ -3/
.= p g Y tang /16 sxnebh(zn 2)/(hb)(2n 3/2)
- 2. 1/2 2 2. 12 o
“n«'t 1={n/ - i /{1=-{h/n_)si- :
. h/h )sin8,) (h/hy )sin"8, /{1-(h/h }sin"8) " 7. o
e
The expression for the local wave stress outside the surf{ zone remains :tne RESRSS
TN

e
[y

Il

A“,‘-"-"

same. The lateral mixing stress was unaffected by the small angle assumpiicn

a ey

therefore Equation 3-25 {3 still valid., The bottom friction stress Zjuiatizn

3-34) becomes

81/2h(n—1/2) (n=1)

2
€3> = o/ N /m.) i 4
. TV Y /(hb) +{(nh hb sin eb> X < X

/
g% um'’? (rein/n) sin29b> X > x
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Kraus and Sasaki (1979a, 1979b) obtained a solution to Equation 3-52 in tn

Torm of an infinite series Dy retaining all orders of the binomial expansion

Jf the preaking wave angle. Truncation past second order is here considered

to be suffici{ently accurate and allows a more convenient solution for

engineering application. Equation 3-62 then becomes

P (n+3/72) X V' + P XZV" =V {1+ X sinzab) = {

[PV}
[
(S 1)

n n+1 n+2
b, X+ b, X £ o X
b’ = (4n+1)/5
5. = (Un+3) sin®

’
> Bb/\10)

.2
53 (4n+5) sin~8,_/(40)

quation 3-54 i{s a second-order nonhomogeneous differential eguatiosn. The

solu%ion to Equation 3-64 for the region shoreward of the breaker line :s

aggroximated by a power series truncated to second order
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Ay = [~(4n+3)sins, /10 - Agsin® 8 J/01=(ne1){2n+1.5)7!
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where "y is the wind stress in the y-direction,

‘Jarrett 1977), w is the wind speed, anc

XX,

4
-

"wil3on 1360). Birkemeier and Dalrymple

b}
L4

cirzulation model that includes the effec:t

LY
PR A s

P A

The analytizal

Yy
’

o7

solution of the stress balance with ition ¢f the wind stress as g:ven

]

1n Tquation 3-70 with lateral mixing neglected :s

[N
A
v

N

. A C 2. e n, . .2 T2
J o= 1/771+X sin ab,»~‘un¢1>/5 X' -Xgin eH:

e
YAy

»

, o2 . 2 C/
1704n+1) A3i: / 1-Xsin78
.H4n+1) Ksin ab (sin 95,

2 ‘n=ty
+ o7 ch‘ sino/(vOY (gh)b cf) SV en 2))‘

Tne solution becomes (ndefinite near tne shoreline, This provtlem could e
avercome by representing the fluid flow and wind stress in the swash zone mcre

acgourately., Such a task is beyond the scope of this report.

Jiscussion of Results

Tne main points discussed in this section are:
~3ve neignt Jdecay power Law on the longshore current

cmrariscn of the longshore current model with data, ar

. .

Tre longshore current model does not recuce exactly
_:ng.ew-Higginsg (1970a, 1970b) for n = 1 and smal.l
~ecause <nhe form of the lateral viscosity coefficient
instead of Longuet-Higgins., This {3 not a fundamental
not be considered {in the discussion.

The effect of the exponent, n , on the longshcre current profiile

o L5

n in Figure 3-2. Increasing n-vaiues steepen the current prcfile an?
the distance from the shoreline to the maximum velcclity.
zeach slopes and large vaiues of Y the n-value will e
*istribution will be more peaxed, and the l:cca
e 2loser to the breaker line., 7T

Figures 2-3 and 2-4 show tne efle
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o7l o
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F "’ b-
: Caprpten
| oA
-".r".r:".'_\
Y :\, - u
“ s , : . . . R AR
small value of P indicates the bottom friction stress domirates tne .atera. NN
NN e N
C o s . . T - AN
Tmixing stress, and a large value of 2 indicates the lateral mixing 3%ress ®
. . , . . . A AT
l0minates the bottom friction stress. Larger values of P flat%en and PASARLNA
N
troaden the current profile. Tne value of n = 1 in Figure 3-3 corressonds 5 % }‘:Hi‘
h Y LS
. Timas EOGCAL,
e Longuet-Higging model. For n = 1 and P = 0, the current profile is NN

o
1]

<
‘e
Pk

Tm.angu.ar (note the discontinuity 3t the nreaker Line as explLained earlier

f:r <ne no-lateral mixing ciase,. In gure -4, for n = ' .5 and ?® = I, tne

go
e

ZrTUllA L3 ¢concave upward with tne same discontinuity at the treaxker line

T.g.res :-2, 2-3, and 3-4 are for an approximately zero inciZent wave angls

.moLsin2 wne nigher order W“ave angle effect was omitted.

Tne effects associated with increased wave angle are 8nown in Figure I-%,

Tre nlndimensional current decr=23ses Wwith increasing breaking wave angle, Tnes
va_ie ¢f V¥ in Figure 3-S for an incident breaking wave angls of 30 degrees
7= '.3and P = 2.0%) i3 30 percent lower than for an {ncident Zreaking wavs
inzl2 2f D cegrees. Also, the lccaticn of the maximum current is 2loaser %2
~“ne 3hcreline With ingreasing breaxing «“ave angle.

ne l:cngshore current mcdel deve.oped herein was comgared ©o l1aboratiny

13ta from Mizugueni et al. [757%) and £o the model of Longuet-Higgins., A
zimmary Sf the laboratory data (s found In Xraus and Sasaki 373z . As nitas
v <r3.3 and Sasak!i, the position of the maximum current ve.Cli%y var.=s
ccrn3lleradbly, and {3 therefore a good parameter for correlating “ne t.uoormens
ms1el predicticn with the laboratcry observations., The positizn 38 t-=
~ax.7um velocity (s used to determine P , S and [ |, given Y, anz =

~e metnod empioyed by Kraus and Sasaki to estimate the garameters from wne

I3t31 3 used with the additional step to determining n from Yooand o otans.
Tigures 3-5, 3-7, 3-8, and 3-9 illustrate the fi¢ =f <ne L:ingsncrs

2arrent model and the Longuet-Higgins model to the Minzu:gucni 2% 3., 3%z,

Tre current velocity {8 normalized oy the maximum ve.ocity. Inslle trn2 3.r:

zZne, -ne model fits the data weil. Near the shoreline, tne effect 7 trne=

v

cwer Liaw decay can be seen in tne slightly concave ugwar snace °f tne
crzfile, Tanle 3-1 gives the values of 2 and c. 23lculated oy Tltting o
133, The P and cCce, values f:Ir tre m2cdel are sligntly nigner tnan finotoe

el f Longuet-diggins., Tre result3 of tne present molel repraesent e 13t
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Figure 3-8. Compariscn of the longshore current distrisution from Case 2
experimental results of Mizuguchi et al. [1978), the present mocel, anc
tne medel of Longuet-Higg:ns (1370Db)
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Outside tne surf zone slightly better than the Longuet-riggins model, Sut %“he
Ceparture from the data (s still large. The reasons for this 2.fference are
nSt known, but may be due, in part, tc the accuracy of measuring the breaker
Fosition, the accuracy of measuring low current velocities, and the effect of
circulation in the enclosed wave tasin.

The data set of Mizuguchl et al. coes not rigorously test tne current
model., The data were collected on a slope of /70,4, s0 the expected values
are clcge to 1.0 as shcwn in Chapter II. An r-value of 1.0 reduces §-e
Sroken wave height to a linear function of the water depth, and the current

mccel recuces tdo a truncated version of the model of Kraus and Sasaxi, cor ¢

Q

Table 3-1

Mizuguchi ot al., 71972) Longshore Current Data

Case 1 Case 2 Case 3 Case Y
55 (deg) 4.5 4,8 5.4 Ty
h: {cm) 3.8 2.4 u,2 2.5
Voax {cm/s) 16.4 15.2 22.0 23.0
Xqax 0.7 0.72 3.63 .72
tansg 0.064 G.066 2.270 2.262
v 1.18 1.12 0.99 1,23
LY 0.055 J2.0u0 0.5 3.063
p 0.07 0.058 0.14 9.234
:f(;H) 0.013 J.0'2 0.025% 2.02°
e 0.013 0.012 J.025 2.017
n 1.19 1.9 LN L33

o

i) 1ncicates the value for the Longuet-Higgins model

mne mcter of Longuet-Higging if the {ncident wave angle {3 small. 3eacres -

tme United 5tates consgisting of C.2-mm sand typically have si~pes (n tne range
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of 1/40 to 1/70. The n-values for these milder slopes would be greater than
1.0, and the effect of the power law wave height decay on the current profile
would be more pronounced.

Table 3-1 illustrates a more subtle point. Earlier work, correspcndin
to a value of n = 1, may require somewhat different valiues of Ce and P to
fit the data. Again, the data of Mizugucni et al. dces not test this gcint

rigorously because the values of n are close to unity.

sy XAEs ¥ F ¥V .U T vV V54T

} The application of the lorgshore current model (s limited nct only by
g
5 the assumptions listed in Table 1-2, but also =y the *truncation 2f the power

series sclution t econd order, T} { e Lo i incr 3 a
eri sclution to second order The effect of the truncation i{ncreases as

tne values of 3 , P , and n increase. The effect of varying these

-

parameters cver typical ranges (s examinecd. The value of eb is Zimitead to

1ess than approximately 30 degrees because of the truncation of the toticnm
frizo=ion stress. Typical values of P range from .01 to C.19, and typical
va.ues of n range from 1.0 to 2.0. For a value of P equal to 0.5 and

2 . . P ) .
ab = 307, the maximum difference between the infinite power series soluticn

) . Je) )
an? the truncated sclution is only % percent and at eb = 207 the difference

reduces to less than ° percent., Figure 3-5 shows the truncate< sclution f:cr =n

= .0 and ® = 2,05, and Figure 2-10 shows the [nfinite serlies solutizn, F:ir 3
>-value of J3.'0, the difference hetween the infinite ser:es anz? trunzir=c
series solutions is 11 percent for Bb = 300 and ' percent f:or e: = :3: . For
an n-value of 2.0 (P = 0.,05) the cdifference between the :nfinite series and

“runzated series solutions are 37 percent for 9 = 307 and & percent

ol ) o ~
for 93 = 207 , Figure 3-11 shows the truncated series sc.iticn and ~.gure :-

‘2 3rows the infinite series solution forn = 2.0 and 2 = 2,7

N

in s.mmary,
-re present mocel, which is a truncated power series, estimates trne inl.i~.%2
cower series well for incident breaking wave angles up t2 approximataly
:r incident breaking wave angles between 20° and 20°, the model still

2stimates the infinite series well fzr relat:ively small values =f P anz =,

~.% cauticn should be used applying the model for large values =f 2 arnzi -~
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CHAPTER IV: WAVE SETUP

axcess momentum in the x-direction,

the water _evel, whereas seaward of the breaker line thnere i3

The wave setup in tne lcongshore current mocel

the beach slope as given by Equation 3-13.

“ma derivaticn of the wave setup from the equation of motion :n the x-

Zquation 3-4) based

rmeignt. Althougnh this form of the wave setup is not incluced in the .

current mode., 1% is an application of the power law wave heignt Jecay

The equation of motion in the x-direction becomes

o "y n) E#n/ /
D g N+ n) dan/3x + 3Sxx 3x

i
LR

st-ess, S . The guanti-y n

XX

Tz wave-induced

is the
momentum. The mean flux of momentum 3ICross a pliane x
sonstant Is

SXx = 3/2 E

.n 3nal.ow water {Longuet-Higgins and Stewart '96u4}. Substititing in

-
s /1 =€
Sex =3 5p g

tne momentum balance (Equation U-!) expands to

J

[

~

5= p g ‘ho> ol 3n/dx + 3/3x (315 0 g d

Wave setup and setdown are the change in the mean water level dJue

i

to

In the surf zone there {3 normally a

a

on the pcwer law description of the broxken

time-mean water 3surface e.evatl.:cn"

{s approximatel oy

This chapter Zescrites
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in shallow water (Longuet-Higgins and Stewart 1364),

"setdown" because (%t {3 a depression of the mean water surface.

solutions for n

~ine anrd noting Hb = Y hb yields the solution for the integration constan:t

seaward and shoreward of the breaker

e, o

LS A LA A L AL LA LA SRS

TV YT Y

This {3 referrez

A
PPy

>
C . <Y'“b/’6>c<-3nv2/s> e 8n « 11/{2n - 1)

The 3olution of Zguation 4-8 veccmes

r= o= in s onT /(K{2n = 1)) +
/2' /e LN T —‘/‘ e +« 7 ’ -
'YTn_ /15 0 0=3anYyT R o+ Un o+ 0/ 02n
o

Tme solutizn for n must ze found iteratively because Equation d-1

implicit.

For the special case of n = 1
~e expressed explicitly

- 2
14
n o=

(W)

- 5

vi..ies zf n

I2wnward.,
Tigures 4-°

L3is ~Ave nelght lecay,

YT/I3 0+ 7Y2))(-n + h M

+ U3/3%7

n , on the wave setup profile.

Zreater than cne, the profile of the wave setup &

crzfile 2f tne wave setup calculated from EZguation <4-11

«

n

~
-

and 4-2 i{..us%rate the effect of the exponent Ir

Tigure 4-°

no= T

re --

T-23%.on 4-12 {n = 1,00) for the small-3cale experimental run 37 5
335°, The setup measured by Stive is aiso plotted.
~~2f:le of the wave setup ca.zulated from Equation +-!'

i
‘n

= s

Tisation 4-12 {n = 1.0C) for the large-scale experimental run >0 3

Again, the setup measured by Stive s a.so plotted.

The n-val.es

.
|

{linear wave height decay.,

(SR

.-

2.

.3e7

Tiuaticn «-12 were calculatec with EZguation 2-8% from the -each 3.:pe

in? “rhe meagured Y-values.

-

T:r tnis special case the setup is a linear function of the water zec:tn.

in

G

[\

Equating n

ne at the breaker

03

- s

3

2

b




Cal
)
3
. The setup profiles calculated using both Equation 4-11 and Equatisn «-':
»
t Cverestimate the wave setup, but the calculated setup bYased on the power _iw
\ .
A wave helight decay represents the data better than the calculated setup -ases
! cn linear wave height decay. The difference between the two calzulated
1]
. profiles {3 greatest at the point of maximum setup, whicn is the criticzal
"
poin%t in Mmost engineering studles.

In summary, the wWave setJup .3 ca.lcuiated hHased on the power Law
2xgres3ion of the Lroxken «4ave height develcped in CThapter 1. For the l:imiva2:

amzunt <f setup <data examined, trhe calculated setup Sased cSn the Dower law

<372 n2:37% decay descrites the trend of Lhe measurements Detter than ine
t

lecay. 32oth expr

23s.2Ins

verestimate the datia.
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CHAPTER V: CONCLUSIONS

The purpose of this report was to develop an analytical model of the
longshore current based on a power law expression for the broken wave heignt
in the surf zone. The model was intended to be an improvement over present
mocdels based on linear wave height decay., For use as an engineering toolL, the
model was to be as general as possible, including the effect of wave setup,
finite wave angle, and lateral mixing.

An empirical power law expression for the broken wave height was
developed based on seven independent data sets consisting of 135 experimental
runs. The exponent of the power law expression is a function of the beacn
slope and the ratio of wave height to water depth at wave breaking. From the
lata, typical values of the exponent range from 1.0 to 2.0. High values of
the exponent correspond to mild beach slopes, small ratios of the wave height
to water depth at wave breaking, and concave upward wave height profiles. For
an exponent equal to 1.0, the broken wave height reduces to a linear function
of the water depth. In previous longshore current models, a linear wave
height decay was assumed for all beach slopes and breaker height to breaker
Jdepth ratios. The power law decay 13 shown to represent the wave nheight decav
orofiles significantly better than linear decay. The power law decay
expression also compared favorably to the more complex decay model of Tally et
3i. (13885a, 1985b), To use the power law expression in a predictive mnde, the
ratin of wave height to water depth at wave breaking must be estimated., This
~atio is best estimated by the expression of Singamsetti and Wind (:138C: or
the expression of Sunamura (1981).

The longshore current model (s based on the momentum b»alance in the
cngshore direction. Many simplifying assumptions are made in the model in
order to provide a solution in a form for practical use. The driving force of
tne longshore current (s the loacal wave stress which is caiculated using the
conrept of radiation stress. The lateral mixing stress, caused vy horizontal
~ircilent eddies, redistributes momentum. Flow of water along the bc ton (s

=24 =y the bottom friction stress, The derivation of the longshore
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current follows the method used by Longuet-Higgins (1970a, '970b). The effect
7Y incident wave angles i{s included in the form presented by Kraus and Sasax:
."37%a, 1979b). Wave setup 1s accounted for by altering the beach slope. The
longshore current (s expressed 33 a power series in the wave angle truncated
©2 gecond order. Wind stress (s not included in the general solution,
altnough some examination was made 2f its effect.

The longshore current model was compared to laboratory data from
Mizugueni et al. 7197%) and the model of Longuet-Higgins (1970b). The
icngshore current model represents the data well, although it appears to
underestimate the current speed seaward of the sreaker line., There is some
doubt about the validity of the data, however, for the seaward region. The
longshore current model follows the trends of the data slightly better than
“ne Longuet-Higgins model, but the data set is not a rigorous test of the
model. The experiment was performed on a steep beach slope, so the expected
exponent in the power law decay expression is close to 1.0, reducing the wave
heignt decay to approximately a linear function of water depth. The range of

incident wave angles for which the model can be applied is limited by the

ct

runcation of the power series solution, but covers the useful range of
realistic breaking wave angles.

The mean wave setup and setdown are derived from the momentum balance in
tne shore normal direction based on the power law wave height decay. The
profile of the wave setup is concave downward for an exponent in the power lLaw
wave neight decay greater than unity, whereas the setup calculated from linear
wave nelght decay is linear. The estimated setup based on the power law wWav2
neight Zecay represents the setup data collected by Stive (1985) better than
tnhe estimated setup based on linear wave height decay. Both calculated
estimates of setup overestimate the measurements.

The understanding of wave height decay and longshore currents zained

from this investigation suggests areas of future study: a) collecticn of

[\Y)

dditional longshore current data to verify the longshore current model over
the range of typical beach slopes, wave height to water depth ratios at wave

sreaxing, and incident wave angles; b) collection of additional 1ongshore

2urrent 4ata to quantify the friction coefficient and the eddy viscesity, 30
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d) application of the powe

longshore current model to predict the distribution of sediment transport
directly to other wave energy problems in the surf zone (e.g., sediment
transport and wave setup); and e) extension to random wave breaking.

the model could be better applied in a predictive mode;

across the surf zone;
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APPENDIX B: LONGSHORE CURRENT CCMPUTER PROGRAM AND SAMPLE RUN

LONGSHORE CURRENT BASED ON POWER LAW WAVE HEIGHT DECAY

This program calculates the longshore current based on an empirical power
expression for the wave height decay in the surf zone,

| H = I *hb*¥(n/hb)**n

E where: H 13 the wave height
: n 1s the water depth
: hb is the water depth at breaking
' Hb is the wave height at breaking
T is the breaker index (Hb/hb)
' n 1is the exponent ‘typical range '.0 to 2.9)

The exponent n 1is a function of the beach slope and the breaker index. The
2xponent may be input directly or calculated in the program from the beach
siope and breaker index. Other inputs include the parameter P expressing
tne relative importance of lateral mixing and bottom friction (typical range

2.0t to 0.10) and the wave angle at breaking (typical range C.0 to 20.0
4 jegrees).

Jo you want the program to calculate the power law exponent? (Y or N°

b
' Input the beach slope, breaker index f(e.g. 0.02,0.%3)
7.22,3.78
Input the parameter P
.05
t Input the breaking wave angle (degrees)
LEole!
+ n=1,74 P = 0,05 Breaking wave angle = 10.0
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Analytical Model of the Longshore
Power Law Wave Height Decay
Large Incident Wave Ang.es

JANE SMITH 29 OCT 86
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3
3

initions of variables and

N - power law expornent,

From Equation 3-49:

°P - p, QQ - q, A(1)
BZTA{V) - Bo, BETA(2)
CELTA(Y) - Co, DELTAC(2)
SUMA - SA, SUMB - SB,
SNMA - SA', SNMB - SB',
BI1) - pt, B(2) - b2,
X73)Y - nondimensional distance
X/ xb
V. 3) - nondimensional
v/Vv0

I AR EEEEEEREEEEEEEEEEEEEERRERE R R R R R R R EREEEREEERNEERERRERENESRSENNREZ:S:

DIMEN3SICN A(25),BETA(2S
CIMENSICN X(100),V{100)
CATA INO/'N'/,IYES/'Y'/
RTAL N

Mo

MM=M+1

TYPE 60

FORMAT(//,1X, 'LONGSHORE
*1x, 'HEIGHT DECAY')
TYPE 61

FCRMAT(/1X,'This program calculates the

based',
*#7,'" on an empirical power
,' nelight decay in the surf
*/9%x,'h>

*1x,'heizht

*'3x,'n 18 the exponent
TYPE 82

Based on

Including the Effect

calzuirated

from the beach slope and breaxer
P - parameter expressing

Zateral mixing and bottom
THETA - breaking wave angle
M - order of the solution
THETAR -~ breaking wave angle
SINTB2 - sine of the breaxing angle squared

internally

relative
frizction
in degrees

{mportance of
to J.'2)

from the shoreline,

.ongshore current

},DELTA(25),8

ZA3ED ON

ongshore

law expression
zone,',//5x,"'H

*//'%x, " 'where: H ig the wave height',/9x,'h
is the water depth at bdreaxing',/9x,'HDbd

at breaking',/9x,'gamma the breaxker
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FORMAT(' The exponent n i3 a function of the beach slope an:
/' the breaker index. The exponent may b%e input directly cr'
*/' calculated in the program from the beach slope ang breax<er
*/' index. Other inputs include the parameter P expressing',
*/' the relative importance of lateral mixing and bottom',

#/' friction (typical range 0.01 to $.10) and the wave angl.e',
*/' at breaking {typical range 0.0 to 30.0 degrees).')

TYPE 43

FORMAT(//,1%X,'Do you want the program to
*i1x,'law exponent? Y or N)')

READ A4, IANS

TIRMAT{AY)

IFJIANS.EQ.INC) GCZ T2 79

TYPE 69

FZRMAT(1X,'Input the beach slope, bhreaker incdex ‘e.g. 2.C2,°7
RZAD *,SLCPE,B8INDEX
N=0.232-0.0095/SL0OPE+D0.657*¥3INDEX+J.QU3I*BINDEX/SLOPE

G2 T3 T4

TYPE 72

FCRMAT(/’1X,'Input power law exponent, n')

READ * N

TYPE 76

FCRMAT(/1X,"'Input the parameter P')

READ * P

TYPE 77

FCRMAT(/1X,'Input the breaking wave angle ‘degrees:’')

READ * THETA

TYPE 78 ,N,P,THETA

FORMAT!(//,1X,'n = ' ,FU 2,2X,'?P = ', FU ,2,2X,'Breaxing wave',
*1x,"angle = ' Fu,1,///)

FAZN=1.0

FATN241,0

THETAR=3,14159*THETA/180.0
SINT32=({SIN(THETAR))*#*2

202 (={2.0%N+1,0)/4,.0)+3QRT(((2.0%N+1,0)/4.0)%%24+1 (/P
1Q=(=-1./8.)-SQRT(1.0/64,0+1.0/P)

AZ1)Ya (U, 0%N+1.,0)/5,0/(1,0-P*N*(2 0%N+0,5")
3ZTAL1)=1.0

DELTA(1)=1.0

SUMA=A{1)

SUMB=BETA(1)

SUMC=DELTA(1)

SNMA=N®A(1)

SNMB=PP*BETA(1)

SNMC=QQ*DELTA(1)

20 Y0 I=1,M

IDE DA

Z=FLOAT(ID)

FACN=FACNY*Z
FACNZ=02.2%2-2, 2)*FACN2
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IF(FACN2.LT.1.0)FACN2=1.9
A(II)=(=(2,0%Z+U4.0%N+1 ) *FACN2)/ /5 Q%2 D%%7%*FACN)
A(II)=A(II)*SINTB2#*#Z-SINTR2%A(II-1)
A(II)=A(II)/ (1, 0-P*(N+Z)%(2.0%N+2+C.5))

{vﬁ

BETA(II)=SINTB2*BETA(II-1) VN

BETA(II)=BETA{II)/(P*{PP+2)*(PP+I-N+0.5)-1,3) N

, =

DELTA/II)=SINTS2*DELTA(II-1) Pty
DELTA{II)=DELTA/II)/(2*(33-2)% 22-2+0.25)=1.0)

’.l
SUMA=SUMA+A(IT) e
SUMB=SUMB+BETA(II) o
SUMZ=SUMC+DELTA(IL) ",
SNMA=SNMA+{N+Z)*A{II) et
SNMB=SNMB+ PP+Z)#3ETA(II)

.%

SNMC=SNMC+(QQ-Z)*DELTA(IL! AN

CONTINUE R
NN
RN
)

B(1)=(SNMA*SUMC-SUMA*SNMC )/ (SUMB*SNMC-SNMB*3SUMC) S

Ci1)Y={3NMA*SUMB-SUMA*SNMB)/ (SUMB*SNM(C-SNMB*SUMC)

20 20 I=2,MM ONON
BII)=B(1)*BETA!I hASRNY
C(I)=C(1)*DELTA(I) =
TINTINUE )

2C 1090 J=1,580 .
X(J)=FLOAT{J-1)/50. T
X(J+53)=X{J)+1.0 -
Vi1 =2.0 ..

C2 101 K=1,MM N
Z=FLOAT(K)=1.0 RS
Vi) =V(J)+A(K)®X(J)®*(N+Z)+3(K)*X(J)**(PP+2Z, e
V{J+50)=V(J+50)+C(K)*(X(J+50))**(QQ-2) al
CONTINUE 2O
CONTINUE

TYPE 43 ‘.
FORMAT(1X,'Longshore Current Distribution') .
TYPE u4u -
FCRMAT(S5X,'V 1s the dimensionless longshore current sgeel’, K
/5%x,'X {s the dimensionless distance from the mean sncrelin2', .
DO 45 I=1,10

K1=(I=-1)%10+1 ERE
K2=K1+9 T
TYPE S9,(V(K),K=K1,K2) o
TYPE 51, (X(K),K=K1,K2) DN
TYPE 52 y-
TONTINUE T
FORMAT(IX, 'V = ',10F7.3) )
FORMAT/1X,"X = ',10F7,3) e

u T a0
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APPENDIX C: NOTATIO

lateral mixing stress

average bottom friction stress

wave celerity

drag coefficient

friction coefficient

group wave celerity

wave energy density per unit surface area
Zoriolis parameter

energy flux in the onshore-direction per unit distance
oarallel to shore

gravitational acceleration
wave height

water depth

wave neight at wave breaking
water cepth at wave breaking
leepwater wave neight

decay zoefficlent in Dally et al. (1985a, 1985b) wave neiznt
lecay model

leepwater wavelength
beach siope
exponent in power law wave height decay expression

carameter expressing the relative importance of
ateral mixing and bottom friction {including the
effect of wave setup) in the longshore current mcde.

parameter expressing the relative importance of
lateral mixing and bottom friction (excluding the
effect of wave setup) in the longshore current model

mean flux of momentum across a plane x = constant,
principle component of radiation stress

mean fliux of y-momentum parallel to the shore across a
piane x = constant, component of radiation stress

wave period

t.me

L 3 " a g .,- # .I
'- 'n..: l..
_:'_;:‘, .'.:"--
L} [
NI

*» :l
%
A

; CL e
PILEET s
N XX XA XA
AN NS
'l'-‘.}"{ i §
2

..A,{.
VY
>
LA
A
»

2

v

-

R 'S
PR R

‘
1
)

F i SV NN 4
7

5

,
v

Ak
2o
LA

(AN
(3
o 5 )



-\"\-"- S Tl Sl Tl Mo T 04 Rl Tl "G I8

u onshore current component
U, wave orbital velocity
i nondlmensional longshore current speed, v/Vy
v iongshore current component
vy maximum longshore current speed for special case of
n = 1 and lateral mixing stress neglected
X dimensionless onshore coordinate, x/xb
X cnshore coordinate
3N Location of wave breaking
v alongshore ccordinate
W wind speed
3 angle of bettom with the horizontal

B

constant in the expression for g,
o

¥ ratio of wave height to water depth at wave breaking

energy dissipation rate

™
AN
A
.
LY
.
x %

/.
-L‘.

z, lateral viscosity coefficient R
2 NN
n wave Setup o -.':_._:.
ot
- A
nb wave setup at wave breaking
3 incident wave angle
3. incident wave angle at wave breaking
~
T the constant
2 jensity of water
P incident wind angle
T, .ccal wave 3tress
M wind stress
iy
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